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A B S T R A C T
A propitiously timed household survey carried out in Mozambique over the period 2008/
2009 permits us to study the relationship between shifts in food prices and child nutrition
status in a low income setting. We focus on weight-for-height and weight-for-age in
different survey quarters characterized by very different food price inﬂation rates. Using
propensity score matching techniques, we ﬁnd that these nutrition measures, which are
sensitive in the short run, improve signiﬁcantly in the fourth quarter of the survey, when
the inﬂation rate for basic food products is low, compared to the ﬁrst semester or three
quarters, when food price inﬂation was generally high. The prevalence of underweight, in
particular, falls by about 40 percent.We conclude that the best available evidence points to
food penury, driven by the food and fuel price crisis combined with a short agricultural
production year, as substantially increasing malnutrition amongst under-ﬁve children in
Mozambique.
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In 2008, countries around the globe experienced a
dramatic food and fuel price shock. From January 2007 to
June 2008 world food real prices increased by more than
60 percent (cf. FAO, 2012) while the world price of oil
increased by about 125 percent. The full implications of the
2008 food and fuel price crisis are yet to be fully
understood and remain an important topic of research
(e.g. Ortiz et al., 2011; Abbott and de Battisti, 2011;
Headey, 2011; Headey et al., 2012; Verpoorten et al., 2012).* Corresponding author at: Av. Ahmed Sekou Toure´ 21, Maputo,
Mozambique. Tel.: +258 824757788.
E-mail addresses: Channing@wider.unu.edu (C. Arndt),
azharh@ruc.dk (M.A. Hussain), vincenzo.salvucci@gmail.com
(V. Salvucci), lpro@sam.sdu.dk (L.P. Østerdal).
http://dx.doi.org/10.1016/j.ehb.2016.03.003
1570-677X/ 2016 The Authors. Published by Elsevier B.V. This is an open acc
licenses/by-nc-nd/4.0/).The nutritional consequences, in particular amongst
children, are a primary concern (e.g. Lock et al., 2009;
Keats and Wiggins, 2010; Tiwari and Zaman, 2010; Ruel
et al., 2010; Christian, 2010; Brinkman et al., 2010).
The unfolding nutritional consequences of price shocks
remain under-investigated due, in signiﬁcant measure, to
lack of data (Torlesse et al., 2003). A number of papers have
examined the impact of regional or national food price
crises on child nutritional status in affected areas, for
example, due to drought or general economic turndown
(see the next section for further references). However,
most of this work has relied on yearly observations of child
nutritional status and other low-frequency data or has
compared nutritional outcomes before and during (or
after) some crisis.
This article studies the nutritional status of children in
Mozambique by quarter over a full year beginning in
September 2008. These periods of the year (quarters) areess article under the CC BY-NC-ND license (http://creativecommons.org/
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products.We are able to conduct this analysis due to a large
scale household budget survey that: (a) is representative
quarterly, (b) contains an anthropometrics module, and (c)
took place over the period September 2008 to August
2009. This period follows directly on the peak of the world
price spike for food and fuel which occurred in June
2008. The principal harvest period also occurs around June.
The 2008 harvest was short with yields per hectare for
principal food crops down by about 20 percent relative to
more favorable seasons (MPD/DNEAP, 2010). Accordingly,
prices of basic food products in Mozambique actually
peakedbetween September 2008 and February 2009 (a few
months after the world food price index peak) before
declining sharply between June and August 2009 (on the
arrival of the next harvest). In the same period, nonfood
pricesweremuch less affected (Arndt et al., 2015). Real food
consumption expenditure seems to have largely followed
the price dynamics (Arndt et al., 2012), with the potential
for affecting the nutritional status of under-ﬁve children.
Using individual-level matching analysis, we are able to
compare under-ﬁve children surveyed in high-inﬂation
months with children surveyed in low-inﬂation months.
Our hypothesis is that the former group of children would
present worse contemporary malnutrition indicators
compared to children in the latter group. We also expect
chronic (longer term) malnutrition measures, such as
height-for-age, to follow different dynamics. If our
hypothesis is correct, then weight-related malnutrition
indicators such as weight-for-height, weight-for-age,
wasting prevalence and underweight prevalence should
be worse for children surveyed in high-inﬂation months.
Conversely, height-related malnutrition may not differ
greatly among the two groups due to the longer term
dynamics associated with chronic malnutrition.
We ﬁnd that, compared with the ﬁrst semester or ﬁrst
three quarters, the prevalence of contemporary malnutri-
tion among children aged 0–59 months was signiﬁcantly
lower in the ﬁnal quarter of the survey, when inﬂation
rates for basic food products were lower. The same
comparisons with respect to chronic malnutrition mea-
sures do not differ signiﬁcantly.
The remainder of this paper is structured as follows.
Section 2 reviews literature. Section 3 describes the data
employed for the analysis. Section 4 provides descriptive
information. Section 5 presents the approach employed
and the results. Section 6 concludes that strong price
movements, driven by the combination of world price
increases and a short production year, signiﬁcantly
impacted the nutritional status of children inMozambique.
2. Literature
Studies examining the impact of a crisis on child
nutritional outcomes are plentiful, although somewhat
dispersed, in the literature. With respect to prices, Torlesse
et al. (2003) use yearly data collected from 1992 to 2002 to
examine how changes in rice prices affect child under-
weight in Bangladesh. Using aggregate data, they ﬁnd that
rice prices are strongly correlated with underweight (corr.
coef. = 0.91, p = 0.001). A number of other contributionsstudy the impact of a crisis using micro data. For example,
Block et al. (2004) assess the nutritional impact of
Indonesia’s drought and ﬁnancial crisis of 1997/1998,
Yamano et al. (2005) examines the effect of a shock
(drought) and food aid on child growth in Ethiopia for the
period 1995–1996, and Hoddinott and Kinsey (2001)
investigate the impact of drought on child growth in
Zimbabwe, using panel data for the period 1993–1997.
More recently, Stillman and Thomas (2008) examine
the impact of the decline in economic activity in Russia
between 1996 and 1998 on six dimensions of nutritional
status using annual data. Miller and Urdinola (2010)
investigate how child mortality in Colombia responds to
ﬂuctuations in world Arabica coffee prices and document
starkly pro-cyclical child deaths, while a counter-cyclical
relationshipmight be expected. Their analysis is also based
on yearly data, hence focusing on medium to long run
effects. Sweeney et al. (2013) detail the characteristics of
populations that are more likely to be vulnerable to shocks
in Guatemala. Finally, Hartwig and Grimm (2012) analyze
the food crisis – a shortage of cereals due to adverse
climatic conditions – in 2002 in Malawi relying on
representative data collected before and after the crisis.
At the time of the global food and fuel price crisis,
various efforts were made to simulate the effects of the
crisis on thewelfare of countries, sub-national regions, and
households. For example, Ivanic and Martin (2008)
examined the implications of the food price crisis for nine
low-income African, Latin American, and South Asian
countries. They found highly heterogeneous effects driven
principally by the net buyer or net seller position of the
household. Overall, they found that, across the nine
countries considered, ‘‘the adverse welfare impact on
net buyers outweighs the beneﬁts to net sellers resulting in
an increase in the number of poor and in the depth of
poverty’’ (p. 1). Similarly, Arndt et al. (2008) focused on
Mozambique and found negative implications for poverty
using an economy-wide GE simulation model linked to a
poverty module. This result was driven principally by fuel
price increases although higher food prices also contribut-
ed to increases in poverty, particularly in urban areas.
With the passage of time, attention has shifted from
simulating the impacts of the food and fuel price crisis on
living standards in poor countries, to analyzing the
implications of the crisis in retrospective. While in
principle possible, the causal chain between substantial
world price movements and welfare impacts on a
population is long, complex, and highly speciﬁc to
circumstance, including timing. Relatively few data sets
are well suited to the task, and there are, correspondingly,
relatively few ex post studies, despite the high proﬁle of
the shocks. For El Salvador, de Brauw (2011) ﬁnds a
decrease in height-for-age of children under three, which
he attributes to the rise in domestic food prices of
2008 that closely followed the rise in international prices.
He also ﬁnds that children in families with access to
remittances or with international migrants experienced
lower declines in height-for-age.
Arndt et al. (2012) use a dynamic economy-widemodel,
linked to a poverty module, to track macroeconomic
aggregates and world prices over the period 2003 to
Table 1
Summary statistics.
Variable Obs Mean Std. Dev. Min Max
Wasting 7118 6.55 24.74 0 100
Underweight 7000 18.76 39.04 0 100
Stunting 6999 46.45 49.88 0 100
Headcount ratio 7118 59.45 49.10 0 100
Food pc
consumption
daily
7118 11.53 8.51 0.02 175.00
Total pc
consumption
daily
7118 20.95 24.65 0.61 780.31
Girl 7118 0.52 0.50 0 1
Age (in months) 7118 29.62 15.96 0.10 59.89
Number of 0–5
children in
the HH
7118 1.67 0.75 1 6
Child is ﬁrst born 7118 0.72 0.45 0 1
Safe water 7118 0.17 0.38 0 1
Sanitation 7118 0.49 0.50 0 1
Mother’s
education
(in years)
7118 2.21 2.74 0 12
Household size 7118 6.23 2.67 2 34
High quality roof 7118 0.28 0.45 0 1
Female
household head
7118 0.23 0.42 0 1
Rural 7118 0.74 0.44 0 1
Source: Authors’ calculations from the IOF database combined with WHO
(2006a).
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trends inmeasured poverty rates from 2002/2003 to 2008/
2009. They ﬁnd that stagnation in consumption poverty
rates in Mozambique was principally due to the near
continuous real increases in international and domestic
fuel prices over 2003 to 2009 and due to the combination of
slow agricultural productivity growth, particularly for food
crops, negative weather shocks affecting the harvest in
May/June 2008, and high world prices for food which were
mostly transmitted into high domestic food prices, even
though local supply and demand conditions remained
crucial (see Section 4).
The power of the combination of a negative shock to
agricultural production and a positive shock to world food
prices is also highlighted by Dercon et al. (2012). They ﬁnd,
for a sample of about 1500 rural Ethiopian households, that
consumption poverty rates rose by 17 percentage points
between 2004 and 2009, returning nearly to the level
observed in 1995. They attribute this large increase to a
bad harvest combined with the net buyer position of most
surveyed households, and the substantial increase in
global as well as local food prices.
As noted by Ivanic and Martin (2008), the net buyer/
seller position of the household determines the ﬁrst order
impact of food price changes on household welfare. In
macroeconomic terms, Mozambique is a net food import-
er. In their simulation analysis, Arndt et al. (2008)
investigated the net buyer/seller position of households
using detailed data available for 2003. This analysis
showed that about 26 percent of rural households and
76 percent of urban households are net food buyers even
after a good harvest. In addition, formost rural households,
the net sale is very small; and rural households typically
rely on own production for the large majority of their food
consumption. As mentioned above, 2008 was not a good
harvest, implying a higher share of households in a net
buyer position. Further, while prices for food generally rose
alongside international prices, Arndt et al. (2012) show
that prices at the local level also reﬂect local supply and
demand conditions with relatively high prices reﬂecting
particularly tight supply conditions. We turn to consider
whether the combination of a negative supply shock and
world/domestic price shocks affected malnutrition rates.
3. Data for Mozambique
The Household Budget Survey 2008/2009 (Inque´rito aos
Agregados Familiares sobre Orc¸amento Familiar, abbreviated
as IOF 2008/2009) (INE, [8_TD$DIFF]2010) contains detailed informa-
tion on expenditure and consumption of food items for a
stratiﬁed random sample of 10,832 households each
interviewed once over the survey period. It also contains
anthropometric information for more than 8000 children
under-ﬁve years old from the same households. However,
complete and valid anthropometric information was only
available for about 7000 children.
The IOF sample is representative for the whole of
Mozambique, for the rural and urban zones at national
level, and for each of the ten provinces plus the capital
Maputo City. As noted, it is also representative through
time. The survey began in September 2008 and ended inAugust 2009. The sample is representative for each of the
four quarters of the IOF survey. Summary statistics for key
variables are found in Table 1.
We assess the nutritional status of children by
combining their age, weight and height to calculate the
following standard ratios: weight/age, height/age, and
weight/height. This way ofmeasuringmalnutrition has the
advantage that it only needs information on age, height
and weight of children. These ratios are compared to the
WHO’s reference population that represents the expected
distribution of the growth of under-ﬁve children (WHO,
2006a, 2006b; WHO and UNICEF, 2009). The degree of
malnutrition is then generally measured by the so-called
Z-score, deﬁned as the ratio minus the reference ratio
divided by the standard deviation of the reference ratio.
Three different forms of (moderate) malnutrition are
usually identiﬁed, depending on the indicator that is used:
(i) stunting: when height-for-age Z-score values are below
the international reference value by more than two
standard deviations; (ii) wasting: when weight-for-height
Z-score values are below the international reference value
by more than two standard deviations; (iii) underweight:
when weight-for-age Z-score values are below the
international reference value by more than two standard
deviations.
Similarly, severe stunting, wasting, or underweight
exist when the Z-scores are below minus three standard
deviations. In general, while underweight or wasting may
be driven by short-term factors like illnesses or food intake
ﬂuctuations throughout the year, stunting is considered an
indicator of long-term malnutrition. Hence, for the
purposes of this study, we expect weight-for-age and
2 In the Third National Poverty Assessment, 13 spatial domains with
similar consumption patterns are identiﬁed and the consumption
bundles for the computation of the 13 regional poverty lines are
presented in MPD/DNEAP (2010, pp.119–132).
3 SIMA (Agricultural Market Information System) data thus show
cassava price levels as high within the quarter that is here considered
treated or exposed to low food prices. A few points on this are relevant.
CPI (consumer price index) data, which is restricted to the three major
cities, show cassava prices rising but from decadal low levels reached in
2007–2008. As will be discussed in Section 4.4, cassava is more than
80 percent home consumed (own produced), making cassava markets
somewhat thin, particularly relative to maize. Indeed, the price series for
cassava presented here is only based on 390 observations coming from
only a few markets, compared to 1715 observations for maize and
1798 for rice. In particular, the high prices inMay–July 2009 are driven by
extraordinarily high prices observed during that period in the markets of
Mocuba and Quelimane both located in the central province of Zambezia.
Finally, ample evidence indicates that Mozambican households substi-
tute away from expensive foodstuffs and towards inexpensive foods (see
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–134weight-for-heightZ-scores tobe relativelymore sensitive to
food price shocks compared with those for height-for-age.
4. Descriptive information
Studying the relation between an increase in world food
prices and changes in malnutrition rates in a given country
requires a clear understanding of the causal chain that is
likely to be in place. First of all, the consumption patterns of
the country need to be analyzed together with domestic and
global foodprice trends, andthedegreeof transmissionof the
price shocks. The net buyer/seller position of households in
different areas of the country is also a useful indicator of the
direction of the effect that we could expect to see. These
analyses are developed in Sections 4.1–4.4. In Sections
4.5 and4.6descriptive informationonmalnutrition rates and
inﬂation is presented. Overall, we expect high world food
prices to have negatively impacted on malnutrition rates,
especially given that: (i) Mozambique is a food deﬁcit and
thus a food net-importer country; (ii) the 2008 harvest was
below average; (iii) important food products commonly
consumed inMozambique are either imported in substantial
amounts or show a high degree of price transmission,
especially upwards; (iv) most households in both urban and
rural settings are net buyers of food products; v) the existing
literature points to a signiﬁcant impact of the 2007–2009
crisis on consumption poverty rates.
4.1. Consumption patterns
As mentioned, Mozambique relies completely on
imported fuel and runs an overall deﬁcit in food trade,
which made it vulnerable to the international price shocks
experienced in 2008/2009. In the same period, the export
value of important commodities such as sugar, cashew
nuts, and tobacco declined sharply, worsening the current
account balance situation (GoM, 2008).
In 2009, Mozambique imported food for 373 million
USD,ofwhichriceandwheat constituted41and28percent,
respectively. Wheat is mostly imported to produce bread.
In 2009, Mozambique also imported a non-negligible
amount of maize and maize ﬂour, corresponding to more
than 6 percent of total food import expenditure1 [7_TD$DIFF]. Maize
imports are especiallydirected to the southern regionof the
country, where less maize is produced but where a lot is
consumed, especially in the capital, Maputo City.
Households usually devote 60 percent or more of total
consumption to food. Based on the 2008/2009 data, the
most consumed products were maize ﬂour, cassava ﬂour,
rice, ﬁsh, groundnut, poultry, cowpea, and bread. On
average, more than 20 percent of total household food
consumption (in value) was represented by maize ﬂour,
about 9 percent by cassava ﬂour, 4 percent by rice, and
2 percent by bread (Cardoso, 2014). Maize and cassava are
less expensive sources of calories than rice and bread and
thus represent an even larger share of calories consumed,
particularly for lower income households whose children1 Data available at: http://atlas.media.mit.edu/en/visualize/tree_map/
hs92/import/moz/all/show/2009/, accessed 19/11/2015.are, on average, more vulnerable to malnutrition. It should
be highlighted that these percentages vary a lot between
urban and rural areas, and by province2. In particular, rice
and bread tend to be consumed in urban areas and the
southern region, while cassava is mostly consumed in the
centre-north (MPD/DNEAP, 2010).
4.2. Prices
It should also be noted that domestic prices of most
consumed products evolved in different ways during the
global price crisis of 2007–2009. In particular, the price of
maize increased substantially by the end of 2008 and
remained high until March–April 2009 (see Fig. 1). It then
declined sharply between May and August. The prices for
groundnut, cowpea, butter bean, and most other com-
monly consumed crops show a very similar pattern (only
groundnut and cowpea shown in the Figure). Differently,
cassava price reached its peak a few months later, around
May–July3. As noted immediately above in Section 4.1,
these products are very important sources of calories,
particularly for lower income Mozambicans; and their
prices were notably volatile during the period in focus. The
price of rice followed a similar pattern to maize, though
withmuch less volatility and a less sharp decline. The price
of bread (not shown in the Figure) also increased during
2007 following international inﬂation pressures. However,
a price cap was introduced during 2008 in response to
violent riots and demonstrations that occurred in Maputo.
Overall, Fig. 1 clearly illustrates the exceptional nature
of the IOF survey period relative to most other years. The
Figure also shows a price spike following the 2005 harvest,
which was marked by a strong drought. Estimated yields
per hectare of principal food crops in 2005 are slightly
lower than the estimates for the 2008 harvest. The
Figure also illustrates a general upward trend in food
prices over the period consistentwithworldmarket prices.
Focusing on the 2008–2009 period, Fig. 2 shows total
and food consumer price index (CPI) trends. Even though
some important crops had a behavior not fully in line withArndt and Simler, 2010). Hence, even if cassava prices were high in some
key SIMA markets during May–July 2009, the implications for nutrition
are likely very small given the relative abundance of inexpensive
alternatives.
[(Fig._1)TD$FIG]
Fig. 1. Basic food price indices (2003–2009) (Jan 2003 = 100). Source: Authors’ calculations based on SIMA (Agricultural Market Information System) data.
Note: The period contained in the grey area are the months of the IOF 2008/09.
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show a pattern that is more similar to that of maize and
other major crops with a big increase around December–
January followed by a decrease. The pattern is especially
evident for food products but can be noticed for the total
CPI as well because food items constitute the most
important class of product in determining the national
and regional CPI, accounting for about 50 percent of the
total weighted sum of products used for the CPI calcula-
tions, and also accounting for most of the inﬂation
recorded in 2008/2009 (Arndt et al., 2015).
Regarding the inﬂuence of price movements on food
consumption, that is key to understanding the relation
between price shocks and malnutrition, it emerges that
such an inﬂuence is likely to be in place (Table 2).
Considering the whole sample of households surveyed in
IOF 2008/2009, the real value of total consumption is not
statistically different between the ﬁrst two or three
quarters and the last quarter. However, real food
[(Fig._2)TD$FIG]
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Fig. 2. Food and total CPI for Mozambique (Sep 2008 = 100). Source:
Authors’ calculations. Note: The National Institute of Statistics (INE)
computes CPI as a weighted average of the prices observed in the three
major cities of the country, Maputo, Beira, and Nampula.consumption was lower, likely as a result of higher food
prices. Furthermore, focusing on households with children
aged 0–59 months (who are also likely to be poorer and
hence more vulnerable), the difference in the value of food
consumption is even bigger between the ﬁrst quarters of
the survey and the fourth one. Overall, it is likely that food
intake was affected by the price shocks, especially for
lower income households with children.
4.3. Transmission
Turning to the relation between world and Mozambi-
can prices, the relation between domestic prices and prices
in South Africa is especially important in terms of
international price transmission, as South Africa is
Mozambique’s main commercial trade partner. The
southern region of the country where the capital Maputo
is located is highly dependent on imports from South
Africa, notably for processed foods and cereals. Acosta
(2012) notes that in 2009 imports of white maize grain
from South Africa accounted for 99 percent of Mozambi-
que’s total white maize imports, and Traub et al. (2010)
report that maize has been consistently imported from
South Africa almost every month since January 1990.
Traub et al. (2010) analyze themaize price transmission
between South Africa and Mozambique. They ﬁnd that
while South African prices for cereals closely follow
international prices, the price transmission between the
South African market and other regional markets is not as
straightforward. In particular, they ﬁnd a huge discrepancy
between the price of maize in South Africa and in Maputo
around the end of 20084. As Tschirley and Abdula (2007)4 In December 2008 SAFEX (South African Futures Exchange) (SAFEX,
2015) maize grain prices were quoted at USD 167/MT while prices in
Maputo reached USD 546/MT.
Table 2
Mean comparison test of real food and total consumption expenditure over survey quarters with different inﬂation rates.
Test Q1–Q3 vs Q4 Test Q1–Q2 vs Q4
Real consumption
(MZN)
Sep 2008–May
2009
Jun 2009–Aug
2009
Sep 2008–Feb
2009
Jun 2009–Aug
2009
All households Total 23.62 24.33 23.42 24.33
Food 12.46 13.01** 11.97 13.01***
Households with
under-ﬁve children
Total 19.51 20.72* 18.46 20.72***
Food 10.69 11.51*** 9.85 11.51***
Source: Authors’ calculations. Note: The June 2009 to August 2009 column repeats. For each of these two columns, statistical tests are conducted relative to
the column on the immediate left. MZN is the currency code for Meticais, the Mozambican currency.
* 10%, ** 5%, *** 1% signiﬁcance level.
Table 3
Own consumption as a share of total food consumption (percent).
Area North Centre South Total
Sep–Nov 2008 Urban 26.5 36.5 6.1 19.9
Rural 59.3 66.5 55.8 62.5
Mozambique 49.0 61.1 25.7 48.6
Dec 2008–Feb 2009 Urban 34.0 16.0 11.5 19.0
Rural 60.5 67.1 51.0 62.0
Mozambique 53.5 54.5 29.2 47.9
Mar–May 2009 Urban 29.9 34.0 14.8 24.4
Rural 75.9 74.2 64.7 73.1
Mozambique 66.4 66.0 40.2 59.6
Jun–Aug 2009 Urban 35.9 31.8 9.3 24.9
Rural 74.0 79.1 65.6 75.4
Mozambique 63.3 69.3 39.2 60.9
Sep 2008–Aug 2009 Urban 31.3 28.9 10.1 22.0
Rural 67.9 72.2 59.9 68.7
Mozambique 58.2 63.1 33.8 54.5
Source: Authors’ calculations based on IOF.
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–136note, this can be due to the strong market dominance of
two large-scale milling enterprises that control a big share
of maize imports from South Africa and almost fully
control themaizemarket inMaputo (Tschirley and Abdula,
2007).
Acosta (2012) reports the existence of a long run co-
integrating relation between white maize prices in South
Africa and Mozambique, but he also ﬁnds that upward
price shocks are transmitted much more rapidly than
downward shocks. Arndt et al. (2008) also conclude that
the world price rises were transmitted to the domestic
economy in 2008. This corroborates the view that the price
shock experienced in Mozambique at the end of 2008 was
inﬂuenced by international price increases and not only
due to local circumstances. This also entails that it was not
fully anticipated by most households.
4.4. Net buyer/seller and own consumption
As noted, the net buyer/net seller position of house-
holds is also important to determinewhether higher prices
beneﬁt households in a ﬁrst order sense. Net food seller
households could have beneﬁted from a situation of
unusually high food prices, and malnutrition rates could
have improved for this particular group. Arndt et al. (2008)
examine this issue in some detail. They also highlight that
Mozambique is a food deﬁcit country, importing all of the
wheat and about three-quarters of the rice demanded
internally. At the same time, important regional differ-
ences also exist: maize is both imported by the south and
exported from the north. Overall, the country is a net
importer of maize. Moreover, the net beneﬁt ratio analysis
contained in Arndt et al. (2008) indicates that, in normal
production years, urban households and households
located in the south are generally more vulnerable to food
price increases, while rural households might beneﬁt from
their net seller position, particularly those in the middle of
the income distribution.
Nonetheless, they conclude that the macroeconomic
and poverty impacts of the world price increases for food
and fuel would be overall negative and substantial.
Tschirley and Abdula (2007) reinforce this view with the
ﬁnding that about 70 percent of rural households in the
centre and south are also net buyers ofmaize. This suggests
that price shocks, especially during the hungry season, are
likely to have big impacts on household consumption in
both urban and rural areas in all regions, and therefore onnutritional status. The reduced harvest in 2008, not
observable to Arndt et al. (2008) as their analysis occurred
before the publication of reliable harvest data, would
convert many households, particularly rural households in
the north and centre for whom production declines are
most in evidence, from surplus to deﬁcit status and thus
magnify the impacts of transmitted world price increases.
As noted, households’ dependence on own produced
food is also important to study the effect of rising food
prices on households’ welfare and nutritional status. This
information is summarized in Table 3 drawing on the
2008/2009 IOF data. The Table show that almost 55 percent
of all food consumed is produced by the household. This
own-consumption share is higher for rural areas (about
70 percent) and lowest in the urban south (about
10 percent). Cassava is mostly own consumed. Own
consumption accounts for more than 80 percent of total
cassava consumed over the full survey period. Conversely,
only about 30 percent of the rice and effectively none of the
bread consumed in the country in 2008/2009 is own
produced. Maize ﬂour, which constitutes the basic food for
a large part of the population, is also mainly own produced
(83 percent of the total), but this proportion varies by
region and throughout the year, going from 78 percent in
the months September–November to over 90 percent in
the June–August post-harvest period. Overall, the reduced
6 Numbers presented here are based on price information from the
Agricultural Markets Information System (MINAG, 2014). For this ﬁgure
we use quarterly inﬂation, which is deﬁned as the geometric mean,
pQm;t ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
pAm;tpAm;t1pAm;t23
q
, of the annual inﬂation rate in the present
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2008 harvest can be expected to crimp home consumption
and force an even greater share of households into a net
buyer position. High prices for food products then militate
against the possibility ofmaking up for the observed staple
food production decline with purchases.
4.5. Malnutrition
Here we present nutritional status information based
on the IOF 2008/2009 data. It results that 18.7 percent,
46.4 percent and 6.6 percent of 0–59 months old children
are respectively suffering from moderate underweight,
stunting and wasting (MPD/DNEAP, 2010). In Table 4,
malnutrition prevalence is presented for all provinces and
survey quarters. No province is in the top or in the bottom
regarding malnutrition when considering all three mea-
sures. But, Cabo Delgado (underweight), Manica (stunting)
and Sofala (wasting) are among the provinces with the
most malnourished children. Maputo Province and
Maputo City perform best regarding both underweight
and stunting. There is notable variation in malnutrition
during the IOF year. Based on quarterly measurements we
see that the three types of malnutrition show peaks in the
second or third quarter, before falling in the fourth quarter.
This observed pattern in malnutrition largely corre-
sponds with normal seasonal price variation whereby food
from the main production year begins to become available
aroundMarchwith the post-harvest pass-through normal-
ly occurring around June. The ‘hungry season’ generally
runs fromaboutDecember throughFebruary. There is some
evidenceof seasonality in calorie consumptionamong rural
households in the north and center driven by the seasonal
pattern of price ﬂuctuation (Arndt et al., 2005). In terms of
child nutrition, data from an earlier survey covering a
whole year in the period 1996/1997 (Inque´rito aos
Agregados Familiares, or IAF 1996/1997) does not point to
a systematic seasonal variation in malnutrition. Neverthe-
less, it is possible that some seasonality exists5 [9_TD$DIFF].
Given the lack of data to estimate normal seasonal
variation in malnutrition rates, we are not able to identify
exactly the additionalmalnutritionassociateddirectlywith
the food and fuel price crisis combined with the food
production shortfall. However, both due to world price
movements and a short production year nationally, the
period in questiondoes generate a spike in basic food prices
that rises substantially beyond the levels thatMozambican
households might reasonably have expected with associ-
ated implications for child malnutrition (see Fig. 1).
4.6. Inﬂation and malnutrition
Fig. 3 presents indices of basic food inﬂation rates, as
well as malnutrition rates, by quarter and region. These
indices are derived on the basis of consumption patterns
derived from the household surveys combined with price5 Another household budget survey covering a whole year exists for
2002/03 (IAF 2002/2003), but no anthropometric information was
collected in that year.data for basic foods derived from Mozambique’s Agricul-
tural Markets Information System (MINAG, 2014)6. From
Fig. 3, one notes variations in price trends both across
regions and compared with the national trends shown in
Fig. 1. Speciﬁcally, food price inﬂation rates decline
immediately after the ﬁrst quarter in the southern region
and in urban areas; however, they remain high until the
third quarter in the central and northern regions, and in
rural areas. With respect to malnutrition, wasting rates are
low and only a small share of the total population of
childrenmove across the two standard deviation threshold
between any two quarters. Stunting and especially
underweight rates exhibit considerable intra-annual
variation, with important regional differences. It is perhaps
surprising that fewer children move back and forth across
the wasting threshold compared with underweight, but
this is consistent with recent ﬁndings from other crises, cf.
e.g. de Brauw (2011), and Hartwig and Grimm (2012).
5. Approach and results
5.1. Propensity score matching
Asnoted in Section3, householdswere interviewedonly
once in the IOF household budget survey. However, each
quarter of the survey was designed to be representative of
thewholesample.This impliesthathouseholdsinterviewed
in the ﬁrst quarter should not be very different compared
withhouseholds interviewed inquarters two, three, or four.
We use this feature of the survey design to compare
nutritional status among under-ﬁve children in the ﬁrst
two or three quarters—when inﬂation was high—with
nutritional status among under-ﬁve children in the last
quarter—when inﬂation was generally lower. Given the
negative effect of food inﬂation on food consumption, we
expect contemporary child malnutrition – particularly
wasting and underweight – to be lower in the fourth
quarter when food price inﬂation is lower.
While we are able to control reasonably comprehen-
sively across households based on a series of time invariant
factors, our ability to control for factors external to the
household ismore limited. Hence, the observed differences
in malnutrition rates across households represent the
combined effect of differences in harvest quality, local
prices, international prices, and potentially other factors.
In order to compare malnutrition rates between
children interviewed in different quarters, we compute
the average treatment effect on the treated (ATT) employ-
ing the propensity score matching technique ( [10_TD$DIFF]Rosenbaum
and Rubin, 1983). In this case, the ‘treatment’ is given bymonth, pAm;t , and the two preceding months, p
A
m1;t and p
A
m2;t . Annual
inﬂation measures have the advantage of being relative to the prices that
occurred during the preceding year, which was not strongly marked by
special events and thus forms a reasonable anchor for price expectations
of households. Also the advantage is that seasonal variation is taken into
account.
Table 4
Moderate malnutrition prevalence in provinces over time.
Province Obs Share of child
population (%)
Wasting (%) Underweight (%) Stunting (%)
Niassa 647 6.6 5.4 17.1 50.1
Cabo Delgado 483 7.1 6.2 25.5 54.1
Nampula 928 16.8 8.3 21.8 55.5
Zambezia 1172 19.2 5.2 19.1 48.6
Tete 624 10.2 9.3 24.5 52.3
Manica 548 6.6 5.1 20.6 58.4
Sofala 590 9.5 11.7 19.6 35.8
Inhambane 505 6.4 2.8 9.5 38.1
Gaza 528 7.4 4.3 14.3 32.8
Maputo Prov 503 6.2 5.0 7.5 20.2
Maputo City 590 4.0 3.7 6.8 24.1
Sep–Nov 2008 1809 24.3 5.8 16.3 42.9
Dec 2008–Feb 2009 1798 26.3 7.8 22.9 47.1
Mar–May 2009 1899 27.4 6.8 22.1 49.7
Jun–Aug 2009 1612 22.1 5.6 12.9 45.6
Total 7118 100.00 6.6 18.8 46.5
Source: Authors’ calculations from the IOF database combinedwithWHO (2006a). Notes:Mozambique’s population in 2008/09 was estimated to be slightly
above twenty million people. Averages are based on population weights.
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Fig. 3. Inﬂation and malnutrition rate developments for regions and rural/urban areas (percent). Source: Authors’ calculations using the IOF 2008/09 and
MINAG (2014).
7 Since we are performing a one-to-one matching procedure, the
number of matched observations from the control group will be equal to
the number of observations in the exposed group, i.e. 1592 observations.
However, since we are using a one-to-one matching procedure with
replacement, some of the observations in the control group are repeated.
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–138the different level of inﬂation. We designate the treatment
group as the group of under-ﬁve children surveyed in the
fourth quarter (1592 observations). However, given that
the population was not actually ‘treated’ in the sense of a
formal experiment, we prefer to deﬁne this group of
observations as ‘exposed’ group, rather than ‘treated’.
The control group is thus the group of under-ﬁve
children interviewed in the earlier survey quarters. Inwhat
follows, we present two alternative speciﬁcations with
respect to the control group: ﬁrst, a speciﬁcation in which
the control group is formedby children surveyed in theﬁrst
three quarters of the IOF (September 2008–May 2009);
subsequently, a speciﬁcation in which the control group is
formed by children surveyed in the ﬁrst two quarters only
(September 2008–February 2009)—i.e. the third quarter isexcluded from the analysis7 [7_TD$DIFF]. Such a robustness check is
performed because in some areas of the country –
particularly in the south – the level of basic food inﬂation
started to decrease already during the third quarter.
To compute the ATT, we assume that all relevant
differences between under-ﬁve children in the ﬁrst survey
quarters and in the last quarter are captured by their
observables and seek to select a control group from the
Table 5
Quality of the matching procedure.
Exposed group: June 2009–
August 2009 Control group:
September 2008–May 2009
Mean
Variable Unmatched/
Matched
Exposed Control % biasa
Girl U 0.51 0.51 1.3
M 0.51 0.51 1.4
Age (in months) U 28.39 30.02*** 10.2
M 28.39 28.01 2.3
Age squared U 1060.40 1159.00*** 10
M 1060.40 1040.10 2.1
Safe water U 0.22 0.27*** 10.5
M 0.22 0.23 1.5
Sanitation U 0.61 0.59 4
M 0.61 0.63 3.7
Mother’s
education
years
U 2.92 2.69*** 7.6
M 2.92 2.92 0.2
Household
size
U 5.98 6.35*** 14.1
M 5.98 6.01 1
High quality
roof
U 0.37 0.39 4.6
M 0.37 0.38 1.2
Female
household
head
U 0.25 0.25 0.2
M 0.25 0.23 4.5
Under-ﬁve
children
in the HH
U 1.62 1.65 4.6
M 1.62 1.60 3.3
Child is ﬁrst
born
U 0.73 0.73 0.9
M 0.73 0.72 1.4
Rural U 0.57 0.56 1.9
M 0.57 0.57 1.1
Sample Mean Bias Med Bias
Unmatched 4.6 3.6
Matched 2.1 1.7
Source: Authors’ calculations from the IOF database. Notes: Province
dummies are not shown. Results for the September 2008–February
2009 control are qualitatively very similar.
a In thiscolumnthestandardizedpercentagebias isdisplayed,beforeand
after matching. The standardized percentage bias is the percentage
difference of the sample means in the treated and non-treated (matched)
sub-samples as a percentage of the square root of the average of the sample
variances in the treated andnon-treated groups (Leuven and Sianesi, 2003).
* 10%, ** 5%, *** 1% signiﬁcance level.
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–13 9non-exposed pool of observations for which the distribu-
tion of the observables is as similar as possible to the
distribution of the observables in the treated group.
Various matching methods exist. Here, we implement a
standard one-to-one matching with replacement (Leuven
and Sianesi, 2003). Robustness checks (not shown) are
also performed using nearest neighbor, kernel, and radius
matching, without obtaining qualitatively different
results.
The observable characteristics selected as controls are
child’s gender and age (inmonths), child’s age squared, the
number of under-ﬁve children in the same household, a
dummy for whether the child is ﬁrst born, household size,
gender of the household head, water and sanitation
characteristics of the dwelling, roof quality, years of
education of the mother, and dummies for provinces
and urban/rural areas (see Table 1).
Table 5 shows that matching reduces differences in
samplemeans between the control and treated groupwith
respect to the observable characteristics. After matching,
none of the variable means are statistically different
between the control and exposed groups at 5 percent
signiﬁcance level8. Moreover, the standardized percentage
difference or bias after matching is less than 5 percent for
all covariates (see the column labelled ‘‘% bias’’), which
suggests that a good balance was obtained (Rosenbaum
and Rubin, 1985). Mean and median standardized per-
centage bias is also reduced (Table 5, bottom). These
observations apply to both the semester (September 2008–
February 2009) and three quarters (September 2008–May
2009) control groups. For space reasons, only the latter
control group is presented in Table 5.
Following Leuven and Sianesi (2003), we do not use
sample weights to implement the matching procedure.
However, sample weights are used to estimate the ATT, in
order to more correctly evaluate the difference between
the observed and the matched outcome.
5.2. Results
Having deﬁned the exposed and control groups and
the observable characteristics, we compute the ATT
using various outcome variables: weight-for-height Z-
scores, weight-for-age Z-scores, height-for-age Z-scores
as well as wasting, underweight, and stunting dummy
variables. These dummy variables take value 1 if the Z-
score values of the corresponding continuous variables
are below the international reference value bymore than
two standard deviations and 0 otherwise, as explained in
Section 3. Checks are then performed using the
consumption poverty headcount ratio, food and total
consumption, and the proportion of food consumption8 The results of the mean comparison tests performed before and after
matching for each of the covariates are shown in the column ‘‘Control" of
Table 5 by means of asterisks. While some of the variables have
statistically different means before matching (lines indicated with a ‘‘U"
in the ‘‘Unmatched/Matched" column), the differences become statisti-
cally insigniﬁcant after matching (lines ‘‘M" in the ‘‘Unmatched/Matched"
column). This is true for both control groups but only shown for the
September 2008–May 2009 control group in Table 5.from own production as a share of total food consump-
tion as outcome variables.
If our hypothesis – that contemporarymalnutritionwas
affected by different inﬂation levels experienced in
different quarters – is correct, we expect prevalence of
wasting and underweight to be lower among children
surveyed in the fourth quarter (i.e. the exposed group). We
also expect average weight-for-height Z-scores and
weight-for-age Z-scores to be higher for this group, as
this would indicate lower malnutrition levels. Height-for-
age Z-scores and corresponding stunting rates are
expected to exhibit more stability due to the long-term
nature of this indicator. Table 6 shows the results for the
Table 6
Mean comparisons and average treatment effect on the treated.
Exposed group: June 2009–August 2009; Control group: September 2008–May 2009
(a) (b)
Simple mean comparison ATT
Outcome variable Obs Exposed Controls Difference Obs Exposed Controls Difference
Weight-for-height Z-scores 6999 0.30 0.04 0.25***[6_TD$DIFF] 3184 0.30 0.06 0.24***
Weight-for-age Z-scores 6999 0.74 0.96 0.22*** 3184 0.74 0.96 0.22***
Height-for-age Z-scores 6999 1.65 1.73 0.08 3184 1.65 1.74 0.09
Wasting 6999 5.74 6.92 1.18* 3184 5.74 7.77 2.03**
Underweight 6999 12.19 19.86 7.67*** 3184 12.19 20.54 8.35***
Stunting 6999 43.20 45.20 2.00 3184 43.20 44.99 1.79
Headcount ratio 6999 59.23 63.64 4.41*** 3184 59.23 58.31 0.92
Total consumption 6999 20.75 19.48 1.27** 3184 20.75 22.67 1.92**
Food consumption 6999 11.48 10.63 0.85*** 3184 11.48 12.00 0.52
Consumption from own
production (%)
6999 0.63 0.54 0.10*** 3184 0.63 0.49 0.14***
Exposed group: June 2009–August 2009; Control group: September 2008–February 2009
(c) (d)
Simple mean comparison ATT
Outcome variable Obs Exposed Controls Difference Obs Exposed Controls Difference
Weight-for-height Z-scores 5126 0.30 0.04 0.26*** 3184 0.30 0.05 0.25***
Weight-for-age Z-scores 5126 0.74 0.93 0.19*** 3184 0.74 0.91 0.17***
Height-for-age Z-scores 5126 1.65 1.67 0.02 3184 1.65 1.66 0.01
Wasting 5126 5.74 7.00 1.27 3184 5.74 6.13 0.39
Underweight 5126 12.19 19.05 6.86*** 3184 12.19 19.21 7.02***
Stunting 5126 43.20 43.97 0.77 3184 43.20 45.06 1.86
Headcount ratio 5126 59.23 66.92 7.69*** 3184 59.23 63.81 4.58***
Total consumption 5126 20.75 18.50 2.25*** 3184 20.75 20.24 0.51
Food consumption 5126 11.48 9.90 1.58*** 3184 11.48 10.69 0.79***
Consumption from own
production (%)
5126 0.63 0.49 0.14*** 3184 0.63 0.43 0.20***
Source: Authors’ calculations from the IOF database. Notes: The control group (1592 observations, some of which are repeated) is under-ﬁve children
surveyed between September 2008 and May 2009 in panels (a) and (b), and under-ﬁve children surveyed between September 2008 and February 2009 in
panels (c) and (d). The exposed group (1592 observations) is under-ﬁve children surveyed between June and August 2009. Probit was used to estimate the
propensity score.
* 10%, ** 5%, *** 1% signiﬁcance level.
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group is formed by children surveyed in the ﬁrst three
quarters of the IOF (Table 6, panels (a) and (b)); another
in which the control group is formed by children
surveyed in the ﬁrst two quarters only (Table 6, panels
(c) and (d)).
For the two alternative speciﬁcations, we also present
the results of simple mean comparison tests, i.e. a
comparison of themean of the outcome variables obtained
without matching the children of the exposed group with
children from the control group (Table 6, panels (a) and
(c)). Comparing the means of the outcome variables
without matching makes sense in our case as the IOF is
representative for each quarter, and even without match-
ing huge differences should not exist between households
interviewed in different quarters.
Results for the outcome variables in focus, weight-
for-height Z-scores, weight-for-age Z-scores, wasting,
and underweight, are different among the two groups
of children with the sign of the difference going in the
expected direction. Nearly all of these differences are
statistically signiﬁcant and these results pertain
whether one applies simple mean comparisons or
ATT. These results indicate that malnutrition, as
measured by the indicators in focus, was signiﬁcantlylower among children in the fourth survey quarter,
when inﬂation rates were substantially lower in all
regions of the country. Height-for-age Z-scores and
stunting levels are not statistically different among the
two groups.
In terms of consumption based welfare indicators, the
exposed group exhibits a signiﬁcantly higher real total
consumption, higher real food consumption, and lower
poverty rate in three of the four cases (panels (a)–(d))
considered. This is expected as lower food consumption is
postulated as one of the drivers of the observed higher rates
of malnutrition. In panel (b), the control group selected
under ATT is substantially better off than the simple mean
control group on the basis of measured consumption even
though they are very similar with respect to the control
characteristics listed in Table 5. There are at least two
potential explanations for this outcome. The ﬁrst involves a
role for other factors driving nutrition outcomes. For
example, some families may succeed in maintaining real
consumption levels, despite high food price inﬂation,
through greater work effort but at the expense of time
spent caring for young children at home. This interpretation
is consistent with Miller and Urdinola (2010). The second
reﬂects the considerable difﬁculties in estimating real
consumption when prices and consumption patterns
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–13 11change substantially both across space and through time
(MPD/DNEAP, 2010).
As expected, the proportion of food consumption from
own production as a share of total food consumption is
signiﬁcantly higher for the exposed group, which is
consistent with normal patterns of consumption/storage
(Arndt et al., 2000). Results separated for urban and rural
zones are presented in Table A1 in Appendix A. Both zones
exhibit higher rates of malnutrition during periods
characterized by rapid price increases in the cost of basic
foods though the results are more pronounced in rural
zones, highlighting the generally greater vulnerability of
rural households and the force attributable to the
combination of a down production year and very high
basic food prices in rural areas.
In terms of future research, it has already been
highlighted that differing dynamics for measures of
chronicmalnutrition, such as stunting, led to themeasured
insigniﬁcant differences between the two groups in the
main speciﬁcations employed for this analysis. Neverthe-
less, some evidence of implications for chronic malnutri-
tion can be discerned from the results presented. This is
particularly true for rural households, who experienced
three continuous quarters of consistently elevated basic
food price levels (see Fig. 3). Compared to the ﬁrst quarter,
unconditional stunting rates are substantially higher in the
third quarter (see Table 4). FromTable A1, it can be inferred
that children in rural households are the principal drivers
of this result. This provides preliminary indications that
the three quarters of high prices experienced in rural zones
might have been enough to drive down height-for-age Z-
scores for rural inhabitants, with some recovery in the
fourth quarter as price inﬂation cooled. If conﬁrmed, this
ﬁnding would be in line with results from Rieger and
Wagner (2015) for Senegal, who ﬁnd that child health
stocks can deplete relatively quickly.
6. Summary and conclusions
We employ household survey data from Mozambique
to consider the implications of food price inﬂation for the
nutritional status of children aged 0–59 months. The
anthropometric data was collected from September
2008 to August 2009, which provides the possibility to
shed some light on the nutritional consequences of the
2007–2009 food and fuel price crisis. For Mozambique,
these world price shocks combined with a negative
agricultural production shock, which reduced staple food
crop yields from the principal harvest, collected around
June 2008, by about 20 percent relative to favorable
agricultural seasons.
We deﬁne the ﬁrst three quarters of the survey, where
domestic prices were generally high, as controls and the
ﬁnal quarter, where domestic prices were generally low, as
exposed. We ﬁnd that contemporary malnutrition preva-
lence and levels, as measured by weight-for-height and
weight-for-age, are signiﬁcantly worse for households
interviewed in control quarters compared with the
exposed quarter. This is true for both simple averages
and after controlling for time-invariant observables at the
household level. It also holds when the control periods aredeﬁned as the ﬁrst semester. The salient difference
between the exposed and control group is the rate of
domestic food price inﬂation experienced during their
respective survey quarters.
Food penury, evidenced by the strong domestic food
price inﬂation experienced during the ﬁrst two or three
quarters of the IOF survey, is by far themost likely factor to
have aggravated contemporary child malnutrition mea-
sures compared with the fourth quarter, where domestic
food price inﬂation was subdued due to the arrival of the
2009 harvest. The effect of this food penury was
particularly strong with respect to the weight-for-age
indicator with the share of children classiﬁed as under-
weight falling by about 40 percent in the fourth quarter.
We stress that we are not able to explicitly untangle the
effects of the global food and fuel price shocks from normal
seasonal ﬂuctuations in child nutrition indicators or from
the implications of the production shortfall in 2008. At the
same time, ample evidence illustrates that the food price
inﬂation experienced by the control group, driven by the
combination of high international prices and a production
shortfall, was notably rapid. Also, available information
from previous anthropometric surveys does not point to a
strong seasonal effect on malnutrition indicators. We thus
conclude that the global food and fuel price shocks in
combinationwith a negative agricultural production shock
powerfully aggravated nutrition outcomes for children
aged 0–59 months in Mozambique.
An increasing volume of evidence indicates that the
implications of child malnutrition can endure for the
remainder of life, with consequent implications for growth
and development prospects for a generation (for example,
Hoddinott et al., 2008). In terms of policy, UNICEF (2014),
among others, provides a host of ideas for reducing
vulnerability and improving average outcomes in Mozam-
bique, many of which are already being actively pursued.
Here, we opt to highlight the beneﬁts of broad based
agricultural development. A more productive and stable
agricultural sector, widely viewed as possible given
Mozambique’s inherent assets (MPD/DNEAP, 2010), would
reduce vulnerability to price and production shocks aswell
as their combination[1_TD$DIFF].
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Table A1.
Table A1
Average treatment on the treated, urban/rural level.
Exposed group: June 2009–August 2009; Control group: September 2008–May 2009
(a)
Rural Urban
Outcome variable Obs Exposed Controls Difference Obs Exposed Controls Difference
Weight-for-height Z-scores 1826 0.27 0.00 0.27*** 1358 0.35 0.11 0.25***
Weight-for-age Z-scores 1826 0.80 1.10 0.29*** 1358 0.54 0.66 0.12*
Height-for-age Z-scores 1826 1.74 1.92 0.18** 1358 1.40 1.29 0.11
Wasting 1826 5.12 6.00 0.88 1358 7.49 6.32 1.18
Underweight 1826 13.08 22.83 9.75*** 1358 9.68 12.96 3.28*
Stunting 1826 44.75 49.58 4.83** 1358 38.81 37.98 0.83
Headcount ratio 1826 58.78 59.19 0.41 1358 60.50 52.76 7.74***
Total consumption 1826 20.23 21.35 1.12 1358 22.21 25.17 2.96*
Food consumption 1826 11.61 11.71 0.10 1358 11.10 12.66 1.56***
Consumption from own
production (%)
1826 0.76 0.63 0.12*** 1358 0.28 0.24 0.04**
Exposed group: June 2009–August 2009; Control group: September 2008–Feb 2009
(b)
Rural Urban
Outcome variable Obs Exposed Controls Difference Obs Exposed Controls Difference
Weight-for-height Z-scores 1826 0.27 0.11 0.16** 1358 0.35 0.20 0.15*
Weight-for-age Z-scores 1826 0.80 0.99 0.18*** 1358 0.54 0.64 0.10
Height-for-age Z-scores 1826 1.74 1.85 0.10 1358 1.40 1.39 0.01
Wasting 1826 5.12 6.60 1.48 1358 7.49 5.42 2.08
Underweight 1826 13.08 19.25 6.17*** 1358 9.68 12.24 2.56
Stunting 1826 44.75 47.46 2.71 1358 38.81 34.65 4.16
Headcount ratio 1826 58.78 62.93 4.15* 1358 60.50 59.53 0.97
Total consumption 1826 20.23 19.20 1.03 1358 22.21 23.14 0.93
Food consumption 1826 11.61 10.61 1.00*** 1358 11.10 12.56 1.46***
Consumption from own
production (%)
1826 0.76 0.64 0.12*** 1358 0.28 0.20 0.07***
Source: Authors’ calculations from the IOF database. Notes: The control group is under-ﬁve children surveyed between September 2008 and May 2009 in
panel (a), and under-ﬁve children surveyed between September 2008 and February 2009 in panel (b). The exposed group is under-ﬁve children surveyed
between June and August 2009 in both panels.
* 10%, ** 5%, *** 1% signiﬁcance level.
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–1312References
Abbott, P., de Battisti, A.B., 2011. Recent global food price shocks: causes,
consequences and lessons for African governments and donors. J. Afr.
Econ. 20 (AERC Supplement 1), i12–i62.
Acosta, A., 2012. Measuring spatial transmission of white maize prices
between South Africa and Mozambique: an asymmetric error correc-
tion model approach. Afr. J. Agric. Resour. Econ. 7.1, 1–13.
Arndt, C., Barslund, M., Sulemane, J., 2005. Seasonality in calorie con-
sumption: evidence from Mozambique. In: National Directorate of
Studies and Policy Analysis Discussion Paper 13EMinistry of Planning
and Development, Mozambique, Maputo.
Arndt, C., Benﬁca, R., Maximiano, N., Nucifora, A.M.D., Thurlow, J., 2008.
Higher fuel and food prices: impacts and responses for Mozambique.
Agric. Econ. 39 (Supplement), 497–511.
Arndt, C., Hussain, M.A., Jones, E.S., Nhate, V., Tarp, F., Thurlow, J., 2012.
Explaining the evolution of poverty: the case of Mozambique. Am. J.
Agric. Econ. 94, 854–872.
Arndt, C., Jones, E.S., Salvucci, V., 2015. When do relative prices matter for
measuring income inequality? The case of food prices in
Mozambique. J. Econ. Inequal. 13 (3), 449–464.
Arndt, C., Schiller, R., Tarp, F., 2000. Grain transport and rural credit in
Mozambique: solving the space-time problem. Agric. Econ. 25 (2000),
59–70.
Arndt, C., Simler, K., 2010. Estimating utility consistent poverty lines.
Econ. Dev. Cult. Change 58, 449–474.
Block, S.A., Kiess, L., Webb, P., Kosen, S., Moench-Pfanner, R., Bloem,
M.W., Timmer, C.P., 2004. Macro shocks and micro outcomes:
child nutrition during Indonesia’s crisis. Econ. Hum. Biol. 2, 21–
44.
Brinkman, H.J., de Pee, S., Sanogo, I., Subran, L., Bloem, M.W., 2010. High
food prices and the global ﬁnancial crisis have reduced access to
nutritious food and worsened nutritional status and health. J. Nutr.
140 (1), 153S–161S.Cardoso, J., 2014. Estimativas e Perﬁl da Pobreza em Moc¸ambique—Uma
ana´lise Baseada no Inque´rito ao Orc¸amento Familiar 2008/09. In:
National Directorate of Studies and Policy Analysis Discussion Paper
(March 2014)Ministry of Planning and Development, Mozambique,
Maputo.
Christian, P., 2010. Impact of the economic crisis and increase in food
prices on child mortality: exploring nutritional pathways. J. Nutr. 140
(1), 177S–181S.
de Brauw, A., 2011. Migration and child development during the food
price crisis in El Salvador. Food Policy 36 (1), 28–40.
Dercon, S., Hoddinott, J., Woldehanna, T., 2012. Growth and chronic
poverty: evidence from rural communities in Ethiopia. J. Dev. Stud.
48 (2), 238–253.
FAO, 2012. World Food Situation, May 2012. Food and Agriculture Orga-
nization of the United Nations, Rome.
GoM (Government of Mozambique), 2008. Balanc¸o do Plano Econo´mico e
Social. Government of Mozambique, Maputo.
Hartwig, R., Grimm, M., 2012. An assessment of the effects of the
2002 food crisis on children’s health in Malawi. J. Afr. Econ. 21 (1),
124–165.
Headey, D., 2011. Was the global food crisis really a crisis? Simulations
versus self-reporting. In: Discussion Paper 01087The International
Food Policy Research Institute (IFPRI), Washington, DC.
Headey, D., Ecker, O., Trinh Tan, J.F., 2012. Measuring Food Security in a
Volatile World. The International Food Policy Research Institute
(IFPRI), Washington, DC.
Hoddinott, J., Kinsey, B., 2001. Child growth in the time of drought. Oxf.
Bull. Econ. Statist. 63, 409–436.
Hoddinott, J., Maluccio, J.A., Behrman, J.R., Flores, R., Martorell, R., 2008.
Effect of a nutrition intervention during early childhood on economic
productivity in Guatemalan adults. Lancet 371 (9610), 411–416.
Ivanic, M., Martin, W., 2008. Implications of higher global food prices for
poverty in low-income countries. In: Policy Research Working Paper
Series 4594The World Bank, Washington, DC.
C. Arndt et al. / Economics and Human Biology 22 (2016) 1–13 13INE (National Statistics Institute), 2010. Relato´rio ﬁnal do Inque´rito ao
Orc¸amento Familiar - IOF 2008/09. National Statistics Institute,
Mozambique, Maputo Available at http://www.ine.gov.mz/opera-
coes-estatisticas/inqueritos/inquerito-sobre-orcamento-familiar/
inquerito-aos-agregados-familiares-sobre-orcamento-familiar-
2008_9.pdf/view.
Keats, S., Wiggins, S., 2010. Non-Staple Foods and Micro-Nutrient Status:
Effects of the 2007/08 Food Price Spike. Overseas Development
Institute, London, UK.
Leuven, E., Sianesi, B., 2003. PSMATCH2: Stata Module to Perform Full
Mahalanobis and Propensity Score Matching, Common Support
Graphing, and Covariate Imbalance Testing Available at hhttp://
ideas.repec.org/c/boc/bocode/s432001.htmli (Version 4.0.11, 22 Oc-
tober 2014).
Lock, K., Stuckler, D., Charlesworth, K., McKee, M., 2009. Potential causes
and health effects of rising global food prices. Br. Med. J. 339, 269–
272.
MINAG (Ministry of Agriculture), 2014. Agricultural Markets Information
System (Sistema de Informac¸a˜o de Mercados Agrı´colas)). Ministry of
Agriculture, Mozambique, Maputo Available at hwww.sima.minag.
org.mzi
Miller, G., Urdinola, B.P., 2010. Cyclicality, mortality, and the value of
time: the case of coffee price ﬂuctuations and child survival in
Colombia. J. Polit. Economy 118 (1), 113–155.
MPD/DNEAP (Ministry of Planning and Development, National Director-
ate of Studies and Policy Analysis), 2010. Poverty and Well-Being in
Mozambique: The Third National Assessment. National Directorate of
Studies and Policy Analysis, Ministry of Planning and Development,
Mozambique, Maputo.
Ortiz, I., Chai, J., Cummins, M., 2011. Escalating food prices: the threat to
poor households and policies to safeguard a recovery for all. In: Social
and Economic Policy Working PaperUnited Nations Children’s Fund
(UNICEF), New York, NY.
Rieger, M., Wagner, N., 2015. Child health, its dynamic interaction with
nutrition and health memory—evidence from Senegal. Econ. Hum.
Biol. 16, 135–145.
Rosenbaum, P.R., Rubin, D.B., 1983. The central role of the propensity
score in observational studies for causal effects. Biometrika 70 (1),
41–55.
Rosenbaum, P.R., Rubin, D.B., 1985. Constructing a control group using
multivariate matched sampling methods that incorporate the pro-
pensity score. Am. Stat. 39 (1), 33–38.
Ruel, M.T., Garrett, J.L., Hawkes, C., Cohen, M.J., 2010. The food, fuel, and
ﬁnancial crises affect the urban and rural poor disproportionately: a
review of the evidence. J. Nutr. 140 (1), 170S–176S.
SAFEX (South African Futures Exchange), 2015. Agricultural Data Feed
hhttps://www.jse.co.za/content/Downloadable%20ﬁles/Commodity-Derivatives/Pricehistory/SAVIWhiteMaize/SAVI%20Price%20History.
xlsi (accessed 19/11/2015).
Stillman, S., Thomas, D., 2008. Nutritional status during an economic
crisis: evidence from Russia. Econ. J. 118 (531), 1385–1417.
Sweeney, S., Davenport, F., Grace, K., 2013. Combining insights from
quantile and ordinal regression: child malnutrition in Guatemala.
Econ. Hum. Biol. 11 (2), 164–177.
Tiwari, S., Zaman, H., 2010. The impact of economic shocks on global
undernourishment. In: The World Bank Policy Research Working
Paper No. 5215. The World Bank, Washington, DC.
Torlesse, H., Kiess, L., Bloem, M.W., 2003. Association of household rice
expenditure with child nutritional status indicates a role for macro-
economic food policy in combating malnutrition. J. Nutr. 133 (5),
1320–1325.
Traub, L.N., Myers, R.J., Jayne, T.S., Meyer, F.H., 2010. Measuring Integra-
tion and efﬁciency in maize grain markets: the case of South Africa
and Mozambique. In: Contributed Paper presented at the Joint Third
African Association of Agricultural Economists (AAAE) and 48th
Agricultural Economists Association of South Africa (AEASA)
Conference, September 19–23, 2010, Cape Town: South Africa.
Tschirley, D., Abdula, D., 2007. Towards improved marketing and trade
policies to promote household food security in central and southern
Mozambique: 2007 update. In: Research Report No. 62E. Economics
Directorate, Ministry of Agriculture and Rural Development, Mozam-
bique, Maputo, Available at hwww.aec.msu.edu/fs2/mozambique/
wps62e.pdfi
UNICEF, 2014. Invest More and Better in Children: Perspectives for
Improved Financing of the Social Sectors in Mozambique. United
Nations Children’s Fund, Maputo.
Verpoorten, M., Arora, A., Swinnen, J.F.M., 2012. Self-reported food inse-
curity in Africa during the food price crisis. In: Discussion Paper 2012/
303. LICOS Discussion Paper Series. Katholieke Universiteit Leuven,
Belgium, Leuven.
WHO, 2006a. WHO Child Growth Standards: Length/Height-For-Age,
Weight-For-Age, Weight-For-Length, Weight-For-Height and Body
Mass Index-For-Age: Methods and Development. World Health Or-
ganization, Geneva.
WHO, 2006b. WHO Child Growth Standards SAS Macro. World Health
Organization, Geneva hwww.who.int/childgrowth/software/read-
me_sas.pdfi (accessed September 2012).
WHO, UNICEF, 2009. WHO Child Growth Standards and the Identiﬁcation
of Severe Acute Malnutrition in Infants and Children: Joint Statement
by the World Health Organization and the United Nations Children’s
Fund. World Health Organization (WHO), United Nations Children’s
Fund (UNICEF), Geneva, New York.
Yamano, T., Alderman, H., Christiaensen, L., 2005. Child growth, shocks,
and food aid in rural Ethiopia. Am. J. Agric. Econ. 87 (2), 273–288.
